
//==? 
BROQKBB~EN 

NATI O,N/A L LAB 0 R A T 0  RY 

BNL-79890-2008-CP 

Feedback damper system for quadrupole oscillations 
after transition at RHIC 

N.P. Abreu, M. Blaskiewicz, J.M. Brennan, C. Schultheiss 

Presented at the 1 Ith Biennial European Particle Accelerator Conference (EPAC 2008) 
Genoa, Italy 

June 23-27,2008 

Collider-Accelerator Department 

Brookhaven National Laboratory 
P.O. Box 5000 

Upton, NY 11973-5000 
www.bnl.gov 

Notice: This manuscript has buen authored by employees of Brookhaven Science Associates, LLC under 
Contract No. DE-AC02-98CH10886 with the U.S. Department of Enngy. The publisher by accepting the 
manuscript for publication acknowledges that the United S t a t s  Government retains a non-exclusive, paid-up, 
irruvocablu, world-wide license to publish or reproduce the puhliahcd form ofthis manuscript. or allow othen 
to do so, ior United States Government purpost.~. 

Th's preprint is intended for pub 'wtion in a journal or proceea'ngs. Since changes may be made before 
publ:wton. it may not be cited or reprodJced WithoJt the authofs permission 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof 



FEEDBACK DAMPER SYSTEM FOR QUADRUPOLE OSCILLATIONS 
AFTER TRANSITION AT RHIC* 

N. P. Abreu', M. Blaskiewicz, J. M. Brennan, C. Schultheiss, BNL, Upton, New York 

Abstract 
The heavy ion beam at RHIC undergoes strong 

quadrupole oscillations just after it crosses transition, 
which leads to an increase in bunch length making rebuck- 
eting less effective. A feedback system was built to damp 
these quadrupole oscillations and in this paper the charac- 
teristics of the system and the results obtained are presented 
and discussed. 

INTRODUCTION 
RHIC is a high-luminosity superconducting heavy ion 

collider, based on two intersecting rings (the Yellow and 
Blue rings). All species accelerated, except protons, un- 
dergoes transition. In order to do it fast and with as little 
beam disturbance as possible, a matched first order tran- 
sition jump is used where YT is modified during a short 
period of time, by pulsing a set of fast quadrupoles. The 
RF system is composed of a set accelerating cavities work- 
ing at 28 MHz and a set of storage cavities which work at 
197 MHz. During the accelerating process the 197 MHz 
system is kept detuned and damped and once the energy 
ramp is over, the bunches are transferred from the low to 
high frequency system (rebucketing). 

Although caution was taken in the designing oftransition 
to make the crossing smooth to the beam, problems with 
longitudinal quadrupole oscillations and other instabilities 
around transition have been reported during machine oper- 
ations. The excited oscillations represent a limitation to the 
ring performance as they cause beam losses thus limiting 
the stored beam intensity. During the 2008 d-Au run [3] 
a feedback system to damp the coherent quadrupole oscil- 
lations right after transition was developed, tested and put 
on operations in one of the RHIC rings. In the following 
section we present a description of the system, the results 
obtained so far and the future improvements planned for 
this longitudinal feedback system. 

THE FEEDBACK SYSTEM 
The feedback system built aimed at damping the in- 

phase longitudinal quadrupole oscillations (mode n=O and 
m=2) of the bunches just after transition. In Table 1 are 
all the machine parameten relevant to the system. In the 
case of a quadrupole mode the strength of the longitudinal 
focusing from the RF system, i. e. the peak voltage, must 
be changed accordingly in order to damp the bunch length 
oscillations. The damping rate ( O R B )  introduced by the 
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Table I: Machine parameten close to transition energy. 

Lorentz factor îT 22.8 
Momentum compaction factor uc 0.0019 

Revolution frequency fp.. 78.2 kHz 
Radio frequency fRF 28MHz 

Total accelerating voltage VRF 150 kV 
Synchrotron frequency f3 5-15 Hz 

RMS bunch length azo 5ns 

longitudinal feedback system is then 121 

where AVFB is the peak voltage correction per turn from 
the feedback, AV is the necessw change in the peak volt- 
age in order for the bunch length to be matched, fRF the RF 
frequency, fs the synchrotron frequency, 191 the loop gain 
in eVIrad, q the phase slip factor and 0 the phase between 
the oscillation and the correction from the feedback. The 
optimum damping effectiveness is achieved when 0 = n / 2  
and the damping introduced by the feedback system over- 
comes the anti-damping caused by the mismatch during 
transition. The amount of damping introduced by the feed- 
back system, just after transition, is about 3.6 s-l or equiv- 
alently a damping time of 0.3 s, however the damping rate 
measured should be smaller than the calculated since the 
total damping rate measure is the amount of damping from 
the feedback plus the anti-damping that comes from the ex- 
cited quadrupole oscillations, atotot = ORB - amismatch. 
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Figure 1: Diagram of the feedback system for damping 
quadrupole longitudinal oscillations. 





feedback, and the difference stays until store 

NEXT STEPS 
For the heavy ions run in FY2009 we are going to have a 

complete feedback system in both rings (Yellow and Blue) 
and we are still going to use the same evaluation board 
(DSK6713 from Texas Instruments) we used for testing 
during the 2008 run. Since there is going to be a major 
upgrade in the RF low level in RHIC [5 ]  this system is go- 
ing to be incorporated to the new LLRF when the upgrade 
is finished. 

Despite the reduction of the longitudinal emittance 
around transition there are still other mechanisms which 
cause emittance growth during the energy ramp at RHIC. 
One of those mechanisms is believed to be a Coupled 
Bunch Mode (CBM) excited by the fundamental mode 
from the 197 MHz RF system. During the 2007 Au-Au a 
CBM with n=16 and m=2 was observed. The iimdamental 
mode of the 197 MHz, although damped during the energy 
ramp drives some possible unstable modes with CBM num- 
bers between n=15 and n=20. The next step is to develop 
a more general longitudinal feedback system for transition 
in RHIC, which damps not only the n=O mode but higher 
order modes as well. 

CONCLUSIONS 
A feedback system to damp the mode n=O and m=2 

around transition was developed, tested and was opera- 
tional during Run08 in one of the RHIC rings. The system 
is able to damp quadrupole oscillation in less than a second 
after transition. The modulation required to damp this os- 
cillations is 3% of the total RF voltage in the accelerating 
system and does not introduce any complication to the con- 
trollers or power needed for the main RF drive. The next 
step is to build a system for each of the ring for the upcom- 
ing run (2009). The longitudinal emittance of the beam 
was reduced by 10% but there still other mechanisms re- 
sponsible for emittance growth during the ramp that should 
be investigated. One of those mechanisms is believed to 
be a CBM excited by the fundamental mode of the storage 
system. 
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